Introduction
The Cotton Bollworm, Helicoverpa armigera Hübner (Lepidoptera: Noctuidae) is one of the most detrimental insect pests in the world. In Europe it causes substantial losses to maize, legume, fibre, cereal oilseed and vegetable crops [1] . Its original distribution area covers tropical and subtropical regions [2] [3] [4] [5] . The species used to be recorded in Central Europe and also in Hungary, cycling in even larger numbers every 16 th or 17 th year, due to a possible major outbreak in its primary distribution area. In the past, this pest was unable to overwinter in Hungary due to cold winter temperatures and frost [6, 7] . An unexpected presence in larger numbers has been observed all over the country since 1993 [8] . Its Hungarian accumulation can be considered continuous from this time. This phenomenon was reported by more cautionary publications [9] [10] [11] , which suggested the possibility of Hungarian overwintering too [12, 13] . Naturally, the strong correlation was proven between the mass accumulation and the agricultural damage caused by the larval stage of this pest in certain years (e.g. 1997, 2003) [8, 14, 15] .
H. armigera is considered to be a facultative migrant, emigrating in response to a deterioration of its local environmental conditions to improve chances of adult survival and larval development elsewhere. The effects of temperature, vapour-pressure deficit and the availability of sugar solution over the prereproductive period have been investigated by Colvin and Gatehouse [16] . Migrant individuals usually appear in the Carpathian Basin at the beginning of the summer [17] , with populations arriving in Hungary from south European areas, primarily from Serbia and Croatia. Its occurrence in the former Yugoslavia was reported in the monograph of Čamprag [18] . According to this monograph, the moth had two or three generations in Serbia, Bosnia-Herzegovina and Macedonia. The extreme accumulation and areal dispersion of the pest in this region and country was studied in detail and reported [18] [19] [20] [21] . Meanwhile, a constant increase of the Hungarian population of the Cotton Bollworm was experienced by the years of millennium (2000-2013), a fact that might only be explained by the successful overwintering and subsequent local breeding of the species in the Carpathian Basin.
Climate change may affect both crop production areas and the distribution of their insect pests [22] . Tiedemann [23] predicted a northward shift in the areal border of some cultivated plants. This might result in a parallel northward shift of the distribution of insect pests of xerotherm plant species. By comparing agroecosystem models, Gourdiaan and Zadoks [24] concluded that climatic changes have a great influence on insect pests that follow their host plants. The objective of this study was to gain a deeper knowledge on the trends and pace of dispersion and flight phenology of H. armigera adults in Hungary and to evaluate the influence of weather fronts on the Hungarian distribution of this serious agricultural pest.
Experimental Procedures
We examined changes in the temporal patterns of CBW by processing imaginal catch data of the Hungarian Light Trap Network (Plant Protection Information System of the National Food Chain Safety Office) and the Hungarian Forestry Light Trap Network (Hungarian Forest Research Institute). Using data from both light trap networks allowed us to cover the whole area of Hungary ( Figure 1 ). We examined the catch data of traps for the period between 1993 and 2011. The Hungarian dispersion of this pest and its growing distribution area was mapped year by year on the basis of specimen numbers caught by light traps. The estimated growth of the Hungarian distribution area of CBW was determined in absolute (km 2 ) and percentage (%) values, from its first mass appearance (1993) up to its current Hungarian distribution (2011). These calculations (the pixel numbers of pest dispersion area for different years) were carried out by C++ implementation methods [25] .
The effect of climatic factors on the total number of trapped CBW over the years was examined by correlation-regression data analysis using SPSS 11.5, relating the total number of trapped specimens in Hungary to the climatic index (CI):
.. (where: CI = the value of the difference of the mean; i = the macrosynaptic situations; y = the frequency in the given year; Y= the average frequency relating to reference period; D^2 = variance of the reference period) [26] . According to Major et al. [26] the difference of the mean of the years to average value was dependent on its climatic variability. The significance of the calculated correlation coefficient (R) was determined by the following equation:
. Mean values of the number of trapped CBW specimens (±SE) were calculated for the areas of the different Hungarian counties and were mapped on the basis of total yearly catch values. The intensity of the growing abundance of the Hungarian CBW populations for the different regions of the country was also examined by correlation-regression analysis using SPSS. The differences in the intensity of accumulation, characteristic of the changes in yearly specimen number by counties, are indicated by the of value "b" of the linear regression formula (y=a+bx) [27] . According to this value, five groups were established as follows: b>10: outbreak accumulation; b=2-10: strong accumulation; b=1-2: medium accumulation; b=0-1: moderate accumulation; b=0--1: moderate decrease. The flight diagrams of three different years (1996, 2003, 2010 ) observed for Sukoró (Fejér county), as a function of the Walter-Lieth climate diagrams were plotted to illustrate the changing CBW flight phenology. The relevant meteorological data (precipitation, average temperature) originated from Turcsányi's [28] study.
We examined the quantitative distribution of the species in Hungary based on temperature and precipitation conditions. Péczely [29] divided Hungary into 12 climate zones: 1 warm-dry, 2 warm-moderate dry, 3 warm-moderately dry, 4 moderately warmmoderately dry, 5 moderately warm-moderately wet, 6 moderately warm-wet, 7 moderately cool-dry, 8 moderately cool-moderately dry, 9 moderately coolmoderately wet, 10 moderately cool-wet, 11 coolwet, 12 very cool-wet. We assorted every light trap station into one of the Péczely-type climate zones and calculated mean values of trapped specimen numbers for each night and by climate zones. We established significance levels for each zone compared to the mean of all other zones, using Student's t-test.
Results

Hungarian distribution and areal dispersion of H. armigera
One representation of possible progression of invasion by year and potential shift of the area of H. armigera in Hungary is shown in Figure 2 . was nearly four times higher than the same value in the preceding year of 2002. The mass accumulation of the species is also verified by the outstanding number of light traps catching the CBW.
The rate of the growing of abundance and the phenological changes of H. armigera in Hungary
A mean value of the number of trapped specimens (±SE) is shown by Hungarian counties in Figure 3 . Representing pest pressure, the trapped specimen numbers show a wide range of differentiation by county. The most significant pressure was recorded by the light traps of Fejér county. Its mean value was double that for Békés, the county ranked second in the row of highest pest pressure counties. According to the number of trapped specimens, the southern counties of the Great Hungarian Plain (Békés, Csongrád, Bács-Kiskun) and the areas of the Northern Hungarian Mountains (Nógrád, Borsod-Abaúj-Zemplén) are also characterized by a significant presence of the pest. The rate of the growing abundance of H. armigera in Hungary is shown by county in Table 2 . The differences in the rate of accumulation in the different regions are well described by the value "b" of the regression equation. Ten years after the first Hungarian mass appearance (1993), the rate of accumulation is stronger than what can be experienced in the longterm time series. Outbreak intensity was determined in more than 50% of the counties for the period examined first, and a strong intensity in 30% of the counties. The exceptionally high value of Fejér county is particularly conspicuous. Medium or moderate intensity was recorded only in the western Hungarian regions (Vas, Győr-Mosón-Sopron, Somogy). If we examine the longterm time series (1993-2011), a less intensive rate can be observed, declining strongly in some cases. This decrease is also characteristic in the case of some counties of the Great Hungarian Plain (Csongrád, Bács-Kiskun). Only in Győr-Moson-Sopron could we detect a more significant long-term growth of abundance during the Hungarian colonization.
As mentioned before, 2003 was a year of outbreak and mass accumulation in Hungary (Table 1) -intensified the mass appearance of H. armigera in 2003. This outbreak exceeded those in both in 1996 and in 2010 if we consider the length of swarming period or the number of specimens trapped.
Cotton Bollworm was caught in the largest numbers in moderately hot and dry and moderately warm areas (Table 3) . A significant number of specimens were collected even in moderately warm and moderately humid zones. It is obvious that these zones were most favourable for both the development and the light trapping of the moth. In contrast, dry and wet zones were unfavourable.
Discussion
The areal dispersion of the Cotton Bollworm can be considered as continuous in Hungary after the first mass colonization. This adventive and invasive species occupied 94% of the area of Hungary in eight years. The areal penetration, induced by the strong ability of the species for migration and its good vagility, was proved to be influenced also by the climatic characters of the given years [23, 30] .
There were significant differences in pest pressure by region, corroborated by the average number of trapped specimens and the regression coefficients. It is very likely that a possible spread due to successful overwintering in Hungarian populations [31] and a growing proportion of caterpillars breeding without a diapause were playing an important background role, causing a more significant presence of the pest.
Fluctuations of specimen numbers in the different years are clearly visible in the flight phenology diagrams. The peak, i.e. the mass outbreak of H. armigera culminated in 2003, following the initial rapid colonization. This phenomenon was also reported by several Hungarian studies [14, 15, 32, 33] . Later, after the years of acclimatisation, a decreased number of specimens were detected and the values stabilized at lower levels. Unfortunately, the early summer generation may not be included in our calculations, because this migrating brood can be detected only by the sex pheromone attractant traps [18, 34] . Finally, we have to mention that any climatic warming period may quickly and substantially increase the number of generations as well as the arrival of this adventive insect species [16] . Accordingly, a possible future global warming could provide perfect conditions for the European expansion of this moth species. 
